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LITE VACCTWFt: 



The present invention relates to attenuated microorganisms, to methods 
for their production, to cheir use in the immunoprophylaxis of ar. 
animal or a human, and to vaccines containing them. 

The principle behind vaccination or immunoprophylaxis is to induce ar. 
immune response in an animal to a pathogenic organism by innoculatior. 
with an attenuated strain of the organism thus providing procectior. 
against subsequent challenge. In 1950 Bacon er al (Br .J . Exp . Path . 11, 
714-724) demonstrated that certain autotrophic mutants of S . rvr^hi were 
attenuated in mice when compared to the parental strain. Certain of 
these auxotrophic mutants have been proposed as being suitable 
candidates for the basis of a whole cell vaccine. (See for example 
Hosieth and Stacker. U&£2iX&. 1981 241. 238-239. and European paten- 
publication 322,237) . In addition to mutations in an essential 
auxotrophic pathway, other loci have been identified where mutations 
result in attenuation of microorganisms. Examples of such loci 
include regulons that exert pleiotrophic effects , e.g.. the cva/ erT 
system (Roy Curtiss III £^_ai. V^ggjne j. 155-160. 1988) and the onjD.R 
SDvZ system (Dorman £t^. Infecr TTT,m,.n ^. 2136-2140. 1989) and the 
£ijoP system (Fields et al. Science 243 . 1059-1062. 1989). 

In many microorganisms. between one and two dozen proteins are 
produced in response to a range of different environmental stresses, 
such as high temperature, nutrient deprivation, toxic oxygen radicals 
and metabolic disruption. These represent part of the coordinated 
regulation of various different genes induced in response to the 
particular stress to which the microorganism is subjected. The family 
of major stress proteins (also known as heat shock proteins) is 
amongst the most highly conserved in nature. Substantial homology 
exists amongst members of this family isolated from E.coli . 
ProsophiUa spp. and man (for a recent reviev see Neidhardt, G.C 
Van Bogelen, R.A. (1987) Escherichia eoli and Salmonella t^^him-^iriur-. ■ 
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Cellular and Molecular Biology. F.C. Neidhardr ec al. eds. . 

1334-1345. American Society for Microbiology, Washington DC). For 
example: Hsp90. Hsp70 and Hsp60 are heat shock proteins found in all 
prokaryoces and eukaryoces. Amino acid sequence comparison becveen 
Hsp90 from g,co],j, and that from man shows that approximately half the 
amino acid residues are identical. Other members of the stress 
protein family are GrpE, GroEL, DnaK. GroES , Lon and DnaJ . 

The genes encoding the family of heat shock proteins are transcribed 

32 

by RKA polymerase co-operating with the a factor, the product of the 

rpoH gene (reviewed by Neidhardt, F.C. and van Bogelen, R.A, 1987. in 

Escherichia coli and Salmonella rvi?himuriurn : Cellular and Molecular 

Biology. Neidhardt, F.C. et al eds . pp. 1334-1345, American Society 

for Microbiology, Washington, D.C.). Recently, Lipinska et aj, 

(Nucleic , Acids .Res . 1988 21* 10053-10067) have described a heat shock 

protein in Si9?lA* referred to as HtrA. that appears to be 
32 

a -independent. Examination of the promoter region of the htr A gene 

shows DNA sequence homology with the P. 3 promoter of the rt?o H gene; a 

promoter known to be recognised by a^{a ) factor. This simiiaritv 

suggests that the htr A promoter may also be recognised by the R.NA 
£ 24 

polymerase -c7 (a )holocn2yme. 

Phenotypically , in E . coli . a mutation in the htr A locus abolishes the 
ability of bacterium to survive at temperatures above 42^C (Lipinska 
al. 1989. J.Bacteriol JJl. 1574-1584). The gene maps at 4 min on 
^ - coli chromosome and encodes a protein with a relative mulecular 
mass (Mr) of 51,163. This protein precursor undergoes N- terminal 
processing involving the removal of a signal peptide sequence 
(Lipinska 1988, Nucleic, Acids .Res . 21. 10053-10067), to yield 

the mature form of the polypeptide upon secretion through the inner 
membrane of the bacterium. Independently, the htr A gene has beer, 
identified as by Strauch, K,L. and Beckvith. J. 198S 

( Proc .Natl .Acad. Sci ■ USA 85, 1576-1580) who were examining E.coli 
mutants vith d creased protease activity, de g P mutants were isolated 
by TnshoA mutagenesis (Manoil, C. & Beckvith, J. 1985. 
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Proc.Natl.Acad.Sci. USA 82, 8129-8133) and were recognised bv -he 
increased scabUicy of a .yb.id I^-^a (Tsr.AP2> „co..inan. p.oclin 
in a background (Scrauch. K.L. and Beclcvich. J. 1988 yroc N.r^ 

Agad.gci. USA fil. 1576-1680) In E rol f ' 

i-oou;. In E.eoU the genes identified as der = 
and bSZA appear to be identical and encode a protein that . 
ot the stress -response' family. 

The present invention provides an attenuated microorganism for use ir 
immunoprophylaxis in vhich the attenuation is brought about bv the 
presence, of a „..tation in the DNA of the microorganism which encodes 
or Vhich regulates the expression of DNA encoding, a protein that is 
produced in response to environmental stress. che microcr.arisr 
optionally being capable of expressing DNA encoding a he terc'logcus 
antigen. 



The microorganisms for use with the present invention are preferablv 
bacteria especially Gram-negative bacteria vhich invade and g^ow 
vichin eucaryotic cells and colonise the muscosal surface. Examples 
cf these include members of the genera galmoneTI.. Border.ni. Vibrio 

'^"'^ ^^'^^^Vi.hU . In particular the following species can 
be mentioned : S^sr^M - the cause of human typhoid: S . tv^hi...... . 

the cause of salmonellosis in several animal species; 5 e^te-^-^H^c . 
a cause of food poisoning in humans; S . chol..»,„. . . ,,,,, ^, 

salmonellosis in pigs; loxdeteUa pe^russt, - the cause of vhoopine 

=°"5n; Haensoohnitc lnflu>.nr^«> . a cause 

itK.ffit'- a cause of meningitis ; and 

f^e^^seyia gonprrhp^^f. - the cause of gonorrhoea. 

The mutation of the DNA is a non- reverting mutation, namely one vhich 
cannot be repaired in a single step. Genetic mucations of this sorr 
include deletion. inversion. insertion or substitution mutations. 
Deletion mutations can be generated using transposons . These are DNA 
sequences comprising from between 750 to thousands of base pairs vhich 
can integrate into the host's chrom somal DNA. The continuirv of the 
DNA sequence of interest is thus disrupted vith the loss of gene 
function. Transposons can be deleted from the host chromosomal DNA; 
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most frequently excision is in^recise leading co a ncn- reverrin. 
mutation. Subscicution or insertion mutations can arise by use o^" a^ 
inactivated DNA sequence carried on a vector which recombines vith or 
crosses-over vith the DNA sequence of interest in the host's 
chromosomal DNA vith the consequent loss of gene function. 

Examples of proteins that are produced in response to environmental 
stress include heat shock proteins (vhich are produced in response to 
a temperature increase above A2°C) : nutrient deprivation proteins 
(vhich ,are produced in response to levels of essential nutrients such 
as phosphates or nitrogen vhich are below that vhich the aicroorganisn-. 
requires to survive); toxic stress proteins (vhich are produced ir. 
response to toxic compounds such as dyes, acids or possiblv olant 
exudates): or metabolic disruption proteins (vhich are produced i- 
response to fluctuations in for example ion levels affecting the 
microorganisms ability to osmoregulate . or vitamin or co-factor levels 
such as to disrupt aecabolism) . 

Preferably a heat shock protein is the one encoded bv the i^rsA gene as 
set out in Fig. 1. (SEQ ID No: 1) (also characterised as de^P) . Other 
proteins are encoded by genes knovn to be involved in the stress 
response such asg^E, ^EL. (moPA).dnaK. £ro ES . ion and dnaJ . 
There are many other proteins encoded by genes vhich are knovn to be 
induced in response to environmental stress (Ronson et al . Cell i^, 
579-581). Amongst these the folloving can be mentioned: the 
nSrB/nEzC system of S^^iSll. which is induced in response to nitrogen 
deprivation and positively regulates UdA and nilLA (Buck 
Nature 120. 37^-378. 1986; Hirschman et^. . Proc .Natl .Acad . Sci . USA.' 
12, 7525. 1985; Nixon gt g;. . Proc. Natl.Acad. Sci. USA il, 7850-7854. 
1986, Reiczer and Magansanik. Cell. U^, 785. 1986); the EhoR/£hoB 
system of ^jisU which is induced in response to phosphate deprivation 
(Makino et_^. . J.Mol.Biol. i£2. 569-556. 1986b); the sfixA/llrA 
system of E . gffU which is induced in response to dyes and other toxic 
c mpounds (Albin , J.Biol.Chem. 4698, 1986; Drury e 



J.Biol.Chem. 210. 6236-4272. 1985). An analogous system in Rhi.obiu.T. 
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is ^B/^D. which is responsive zo 4C.discarboxylic acids (Ronson er 
J.Bacceri 1. 169. 24,24 and Cell 49. 579.581, 1987). a virulence 
system of this type, has been described in Agrob..rpr^ This is the 
2i£A/vixG system, which is induced in response to plant exudates (ie 
Roux£t_^.. EMBO J. i. 849-856. 1987; Stachel and Zambryski.. 
Am.J.Vet.Res. 41. 59-66.1986; Vinans £t_^. . Proc .Natl . Acad.Sci. 
USA, n. 8278. 1986). Similarly the ijvgC-ljvsA system in Borderell. 
P^rWggiff (previously known as vir) regulates the production of 
virulence decerainants in response to fluctuations in Mg2+ and 
nicotinic acid levels (Arico ^t ^1 . 1989. Proc .Natl .Acad. Sci . USA 86. 
6671-6675) . 

For use in the forn of a live vaccine, it is clearly important that 
Che attenuated microorganism of the. present invention does not revert 
back to Che virulent state. The probability of this happening with a 
mutation in a single DNA sequence is considered to be small. However. 
Che risk of reversion occurring with a microorganism attenuated by the 
presence of mutations in each of two discrete DNA sequences. is 
considered to be insignificant. It is preferred therefore that the 
attenuation of the microorganism of the present invention is broughr 
about by the presence of a mutation in the DNA sequence which encodes , 
or which regulates the expression of DNA encoding, a protein chat is 
produced in response to environmental stress and by the presence of a 
mutation in a second DNA sequence. For bacteria, the second DNA 
sequence preferably encodes an enzyme involved in an essential 
auxotrophic pachway or is a sequence whose product controls the 
regulation of oamocically responsive genes, i.e. onroR. (Infect and 
Immun 1989 2136-2140). Most preferably, the mucation is in a DNA 
sequence involved in che aromatic amino acid biosynchecic pachway. 
more parcicularly che DNA sequences encoding aroA. aro C or aroD . (E? 
Publicacion Number 322237) , 

The accenuaced microorganisms of che present invention are constructed 
by che incroduccion of a mucacion inco the DNA sequence by methods 
known to chose skilled in che arc (haniatis , Molecular Cloning and 
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Laboratory Manual, 1982). Non-reverring mucacions can be generated bv 
introducing a hybrid transposon Tn pho A into, for example, 
S 1 PfPhlnivriVgi strains. TnniifiA can generate enzymatically active 
protein fusions of alkaline phosphatase to periplasmic or mettbrane 
proteins. The TnplioA transposon carries a gene encoding Vtanamycin 
resistance. Transductants are selected that are kanaaycin resistani 
by growing colonies on an appropriate selection oedium. 

Alternative methods include cloning the DNA sequence into a vector, 
eg. a plasmid or cosmid, inserting a selectable marker gene into the 
cloned DNA sequence, resulting in its inactivation. A plasnid 
carrying the inactivated DNA sequence and a different selectable 
marker can be introduced into the organisni by knovn techniques 
(Maniatis, Molecular Cloning and Laboratory Manual, 19.82). It is 
then possible by suitable selection to identify a mutant wherein the 
inactivated DNA sequence has recombined into the chromosome of the 
microorganism and the wild- type DNA sequence has been rendered 
non- functional in a process known as allelic exchange. In particular, 
the vector used is preferably unstable in the microorganism and will 
be spontaneously lost. The mutated DNA sequence on the plasmid and 
the wild-type DNA sequence may be exchanged by a genetic cross -over 
event. Additional methods eliminate the introduction of foreigr. DNA 
into vaccine strains at the site of mutations. 

The invention therefore provides a process for the production of an 
attenuated microorganism according to the invention which comprises 
introduction of a mutation in che DNA sequence of the microorganism 
which encodes, or which regulates expression of a DNA sequence 
encoding, a protein chat is produced in response to environmental 
stress , by either 

a) transposon mutagenesis; or 
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b) transforming che microorganism viuh a vector incorporating a 

DNA sequence encoding, or regulating che expression of a DNA 
sequence encoding, a protein that is produced in response zc 
environmental stress and which contains a non-reverting mutatior.: 
and screening to select the desired microorganisms. 

The attenuated microorganism of the present invention is optionally 
capable of expressing a heterologous antigen. This expression is 
likely to be more favourable in hljA mutants because of the increased 
stability of recombinant antigens associated virh the 6eg? phenotype.. 
Such antigens may be viral, bacterial. protozoal or of higher 
parasitic microorganisms. Such microorganisms may then for- the 
basis of a bi- or mulci-valenc vaccine. Examples of useful antigens 
include g.^oli, heat labile toxin B subunit (LT-B), £. cell K85 
antigens, FMBV (Foot and Mouth) peptides, Influenza viral proteins. 
P. 69 protein from fi. pertussis. Other antigens which could be 
usefully expressed would be those from Chlamydia , flukes. mycoplasma, 
roundworms, tapeworms, rabies virus and rotavirus. 

A microorganism capable of expressing DNA encoding a heterologous 
antigen may be produced by transformation of the microorganism virh an 
expression cassette. Expression cassettes will include DNA sequences, 
in addition to that coding for the heterologous antigen, which- vill 
encode transcriptional and translational initiation and terminatior 
sequences. The expression cassette may also include regulatorv 
sequences. Such expression cassettes are well known in the art and it 
is well within the ability of the skilled man to construct them. The 
expression cassette may form part of a vector construct or a naturallv 
occurring plasmid. An example of a genetically engineered attenuated 
g.aj.monei;a which is capable of expressing a heterologous anrigen is 
described in EP publication 127.153. The expression cassette may 
also be engineered to allow the incorporation of the heterologous gene 
into the chromosome of the microorganism. 
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A furrher bivalenr vaccine comprising an arrenuaced Sal.on.n. ^ 
capable of expressing rhe heac- labile encerocoxin subuni. B "is 

disclosed by Clemeprs et_^ (Infecrion ad laaunirv. M No 2 1984 
564-569). Ty21a. an arrenuaced g . .ypt,! „rain. has been used co 
express other antigens such as the Shlz^A scnnei for. I antigen 
(Fonnal ec_ai. , Infection and Immunity. 34, 746-750, 1981). 

According to a further aspect of the invention there is provided a 
vaccine which comprises an effective amounr of' an attenuated 
microorganism, preferably a bacterium, as herein described and a 
pharmaceuttically acceptable carrier. 

The vaccine is advantageously presented in a Ivophilised for- for 
example in a capsular form, for . oral administration to. pa.ie.c 
Sucn capsules may be provided with an enteric coating comprising ^-o- 
example Eudragate "S" Eudragate "L" Cellulose acetate. cellulose 
pthalate or hydroxy propylme thy 1 cellulose. These capsules n>av be 
used as such. or alternatively, the lyophilised material .av be 
reconstituted prior to administration, eg. as a suspension. 
Reconstitution is advantageously effected in a buffer at a suitable p'-" 
to ensure the viability of the organisms. In order to protec- ^he 
attenuated bacteria and the vaccine from gastric aciditv. a sodiu.. 
bxcaroonate preparation is advantageously administered before eac- 
administration of the vaccine. Alternatively, the vaccine mav be 
prepared for parenteral administration, intranasal administration or 
incraaamniary , 

The present invention also provides a method of prophylactic treatment 
of a host (particularly a human host) with an infection caused bv .a 
microorganism which comprises administering to said host an effective 
dose of a vaccine according to the invention. The dosage emoloved in 
such a method of treatment will be dependent or. various clinical 
factors, including the size and weight of the host, the type o-" 
vaccine fonruiated. H wever, for attenuated 5.rv.hi a dosae= 
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coaprising the administration of 10^ to 10^^ s 

H«e^ . ^ ■ ^VP'^-l organises per 

dose .s generally convenienr for a 70kg adult hu»an hosr. 

following examples provide experimental detail, in accordance vi.'. 
the present invention. It will be understood that these example, ara 
not intended to limit the invention in any way. 

Figure l.^DNA sequence of the h^A gene and the a:„ino acid sequence 
of the protein it encodes. 

Figure 2. Sensitivity of S , tvph^.^r^-M. ilt^A »utanr 0.6 to te.per.tures 
above 42 C and oxygen radicals 

Figure 3. In Vivo kinetics of g , rypM^Tinn, strains harbouring a 

mutation in htrA (BRD726) and fatrA aro mutations (BRiD807). 

Identification of the fat^A gene in gal.onen. rv.M^....~ 
generation of an htr A mutant. 

TnEhoA n>utagenesis vas used in the oouse virulenr S.l.o.,... 

" 5t_^. 1989. Infect. I=:n.unol 51 

2758-2763). Mutants were selected likely to harbour lesions in genes 
Chat have a signal peptide sequence, proteins likely co be 

targeted through a bacterial »en.brane . Isolation of the DNA flankin. 
the TnEhoA insertion identifies the gene that has been insertionali; 
activated. This gene vas isolated and its DNA sequence vas detennined 
by standard methods (see Figure 1. SEQ ID No: 1) (Maniatis er al 
1982. In Molecular Cloning: A laboratory manual. Cold Spring Harbour 
Laboratory. Cold Spring Harbour. N.Y. ; Sanger er_al 1=77 
Proc.Natl.Acad.Sci. USA 7.. 5A63.5467). Comparison of the translated 
protein sequence vith sequences held in the E.HBL Database showed 
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surprisingly chac it shared 88% homology vich the sequence of zhe 
produce from E. coli (Fig.l. SEQ ID No: 1). 

Example 2 



Identification of in S . tTDhimuT-l.^ as a gene involved in the 

stress -response 

I^.££ii mutants harbouring lesions in the hrr A gene are unable to grow 
at temperatures above 42°C. The S . rvphimurl hrr A mutant, Ou6 . was 
tested for growth at elevated temperatures and was found to erov as 
veil as the present strain C5 . However, when tested for sensirivirv 
to oxygen radicals, the mutant 046 showed decreased resistance as 
compared with the parent C5 strain clearly indicating that the gene is 
responsible (at least in part) for this aspect of the stress response 
(see Fig. 2) . 

Example 3 

Comparison of attenuated Salmonella tTPhlzrariiim strain 0A6 vith 
virulent parent strain Salmonella tTPhiaurlus C5 . 

The attenuated strains were constructed using TnthoA transposon 
mutagenesis as described previously (Miller er al . . 1989. Infec*. 
Immun. i?, 2758-2763) . 



After oral administration the mutant strain 046 had a l^g^Q LD^q of 
greater than 9 cells as compared to the parental strain, C5 . which has 
a Log^Q LD^^ of 6.38 cells. (All LD^^ were calculated after 28 days). 
Thus 046 is highly attenuated. After i.v. administration 046 had an 
i.v. Log^Q LDjQ of 5.13 cells compared to less than 10 cells for C5 
and we again conclude that 046 is highly attenuated compared to CI. 
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Example ^ 



Protection of mice after 



oral challenge. 



Mice were Wnised virh 046 and challenged 28 day. later wirh rhe 
Virulent parental scrainCS. Mice vaccinated with using 10^° cells 
of 046 shoved excellent protection against challenge with C5 . eleven 
weeks after vaccination. The U.g^^ U)^^ i„ in=Bunised aniznals was 9.6. 
cells compared with 6.6 cells for uninununised controls. Thus .ica 
vaccinated orally with a single dose of 046 were well protected 
agamsc virulent C5 challenge. 

Example 5 

Construction of a defined S . typhAtmrlnm SL134A fetrA nutant 



on 



Sequence data facilitated the identification of suitable rest^ict^" 
endonuclease sites that could be used to introduce . deletion into the 
H^A gene. A 1 . 2Kb deletion was introduced by digesting with £coRV 
and religating. A drug resistant marker was also introduced into the 
gene (Kanamycin cassette.- Pharmacia) by standard techniques to enable 
selection for the presence of the deleted gene. The plasir- 
harbouring the deleted i^rrA gene was introduced into a £oL. st^a- 
?.typh^mx:r1un, (BRD207) in which the plasmid cannot replicate The 
only way that kanamycin resistance can be maintained in the host is i-r 
there has been a recombination event between the S . rvT.h....r... 
sequences on the vector and the homologous regions on the chromosome 
U,ss of ampicillin resistance while maintaining kanamycin resistance 
indicates a second homologous recombination event resulting in the 
replacement of Che intact hiTA gene with the deleted one. Colonies 
resistant to kanamycin were isolated and checked for ampicillin 
resistance. One colony that was kanamycin resistant and ampicillin 
sensitive was selected for further study and was designated BRD698 
(deposited at PHLS. NCTC, 61 Col indale Avenue-. London NW9 SKI under 
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Accession No on 

Budapesr Treacy) . 



in accordance with the ceras of 



:he 



A P22 lysate was prepared on this strain by standard techniques 
(Dougan et Ai, J . Infect . Dis . m, 1329-1335. 1988) and used to infect 
SL1344, Kananycin resistant colonies were isolated and checked for 
the presence of the deletion by Southern hybridisation. One strain, 

designated BRD726 (deposited at PHLS under Accession No on 

accordance with the terms of the Budapest Treaty) was 

selected for further study. 

Ejcaanle 6 

Construction of an S . tvphigmriiia SL1344 aro A htr A double mutant 

The P22 lysate prepared on BRI)698 was used to introduce the hrrA 
deletion into an S . tvDhimurlum SL1344 strain already harbouring a 
deletion in ^XoA, The method for introducing an aro A deletion has 
already been described by Dougan ^ si, J . Infect , Dis . il8, 1329-1335. 
1988. One strain that was found to have deletions in both aroA and 
hU.^ was selected for further study and was designated 5RDS07. 

(deposited at PHLS under Accession No on in accordance 

with the terms of the Budapest Treaty). 

E^cample 7 



Comparison of the attenuation of SL1344 htr A (BRD726) and SL1344 htrA 
and lisA (BRD807) with the virulent parent strain SL1344 

After oral administration BRD726 and BRD807 had Log^^Q ^59^ >10.0 
cells compared to the virulent parent strain which has a Log^^ LD^^ of 
6.8 cells*. Both strains were therefore highly attenuated compared to 
the virulent parent strain SL1344 . 



*all LDcqS were calculated after 28 days. 
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Ejcaaple 8 

A«essaenc of oral vaccine potential of BRD726 and BRID807 



cells of 



BALB/c mice were orally i»=unised wirh approximately 10 «... 
BRD726 and BRD807 as previously described (Dougan ^ ^. J.l„fec. D.. 
lii. 1329-1335. 1988) and challenged A and 10 weeks later with the 
virulent parent strain SL1344. u>^^s were calculated by the method of 
Reed and Muench (Aa.J.Hyg. 22. 493-A97. 1934). All determinations 
were carried out at least tvice. Mice vaccinated with aRD726 and 
BRD807 shoved excellent protection against challenge with SL13A. . 
weeks, the log^^ U^^^s being >10.0 and 9.7 cells respectivelv Th- 
compares with log 6.1 cells for uni=»unised controls. At 'lO weeks 
^°SlO ^50^ ^^726 and BR:)807 were 9.11 and 8.11 cells compared to 

6.5 for SL134A. Thus the mice ia»unised with BRD726 had excellen- 
long tera iamunity to virulent SL1344 challenge. This compares 
favourably with protection elicited by double ^ mutants of 51^344 
(Dougane^^. J.Infect.Dis. iii. 1329.1335.1988). The long ter^ 
protection afforded by vaccination with BRD807 is 46-fold bette- thar 
unimmunised controls. Thus both BRD726 and BRD807 make good vaccine 
strains for BALB/c mice. 



Exannlg 9 



^" l^inecics of BRD726 and BRD807 in BALB/c nice 

The- ability of BRD726 and BRD807 Co grow i^^v^vo after intravenous 
administration was assessed. Mice were infected with approximately 10^ 
organiams. Numbers of bacteria in livers and spleens were enumerated 
at different times during the infection up to 21 days . The results 
obtained are shown in rig3. Neither BRD726 or BRD807 undervent an 
initial period of replication in murine tissues. The strains are 
cleared slowly from the organs and by day 21 BRD807 has almost cleared 
from the murine tissues while BRD726 is still persisting ar low 
levels . 
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Formalacion 

An acrenuaced microorganism of the presenc invention is preferably 
presented in an oral tablet form. 

Care tablets 



1. Frecze-dried excipienc carrier containing 70 G 

9 10 

10 10 attenuated bacteria. 



2, Silica dioxide (Aerosil 200) o.5 

3. Dipac (97% sucrose) 235.0 

4, Cross -linked Povidone (Kollidon CL) 7.0 

5. Microcrystalline Cellulose 35.0 
(Avicel pH102) 

6, Magnesium Stearate 2.5 

7. Opadry Enteric, Oy.P-7156 .35.0 
(Polyvinyl acetate phthalate +• 
Diethylphthate ) 

355.0 
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A carrier 



containing 5% sucrose. 1% sodiuo glucaoace and 1% bacro 
casitone in an aqueous solvent is prepared. The organisms are 
suspended in this carrier and then subjected to f reere-drying . 

The freeze- dried material is blended with Aerosil 200 and the blended 
mixture is sifted through a screen. • The sifted powder is mixed with 
Dipac. Kolidan CL. Aricel pH102 and Magnesium Stearate in a blender. 
This blend is compressed into tablets for subsequent enteric coatings. 

The skilled man will appreciate that many of the ingredients in this 
formulation • could . be replaced by functionally " equivalent 
pharmaceutically acceptable excipients. 



SUBSTTTUTE SHEET 



wo 91/15572 



PCT/GB91/004H4 



16 

Claims 

1. Attenuated microorganism for use in immunoprophvlaxis in which 
the attenuation is brought about by the presence of a mutation in 
the DNA sequence of the microorganism which encodes, or which 
regulates the expression of DNA encoding a protein that is 
produced in response to environmental stress, the microorganisr. 
optionally being capable of expressing DNA encoding a 
heterologous antigen. 

2. Attenuated microorganism as claimed in claim 1, wherein the 
protein is selected from a heat shock protein, a nucrien.r 
deprivation protein. a toxic stress protein and a metabolic 
distress protein. 

3. Attenuated microorganism as claimed in claim 2, wherein the 
protein is a heat shock protein. 

Attenuated microorganism as claimed in claim 3, wherein the 
protein is encoded by the hrr A gene. 

3. Attenuated microorganism as claimed in claim 1, wherein the 
mutation is a deletion or insertion mutation. 

Attenuated microorganism as claimed in claim I wherein the 
microorganism is a bacterium. 

^ Attenuated microorganism as claimed in claim 6, wherein the 
bacterium is selected from the genera Salmonella . Sordetella . 
Vifell£. Haemotjhilus and Escherichia . 

1. Attentuated microorganism as claimed in claim 7, wherein the 
Salmonella bacterium is selected from Salmonella t-7-phi . 
Sftlpop?Xl^ p^hiffmri^. Salmonella enterit;di g and Salmonella 
cholerasuig . 
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9. Arrenuaced „icroorganisa. as claimed m clai„ 1 • 

"cenuacicn is also broughc abcur by a " 

sequence. »"=a.ion m a second DNA 



15 



16 



10. Attenuated microorganisn, as claimed i„ clai. 9 h ■ . 

autation ^r^ « ^ ^ ciaim 9, wherein rhe 

oucation in a second DNA sequence is in a DNA « 

in t-K« . in a DNA Sequence involved 

m the aromatic ainino acid biosynthetic pathway. 

11. -^-organis. as Claimed in clai. 10. .Herein the DN. 

sequence involved in the aromatic aaino acid bi = . . 

is sel.rr-^ * biosynthetic pathvav 

IS selected from &£sC. and . 

12. Attenuated microorganism as claimed in c^aiin 1 h • 

c^aim 1 beme capable of 

ciTl"" ho = =«=>,.„ 

caused by . ..c„orga„i„, .Kich =o.pns.s .d.i„i.ca.i„g co ..i- 
hose .n ,f.,=«v, d=s. Of . v.oci„. .iai..a in d.^. 13 . 

clLTr'Jr. """"" °' • .'«o„g.„i„ „ 

i-ro.uc«=„ Of . „„„o„i„,,. 

th. .,p„„ion Of ™a .„o,.i„g, . p„„,„ 
response to environmental stress by either: 

a) transposon mutagenesis, or 

b) transforming the microorganism vi.h a vector incorporating 
Che DNA sequence encoding, or regulating the expression of a 
DNA sequence encoding a protein that is produced in response 
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ro environmental stress and which contains a non-rever-i 
mutation; and 

screening to select the desired microorganisms. 
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Fig. 2. 
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